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Introduction 
Prostate cancer (CaP) remains among the most common causes of cancer–related deaths in men. 
Because CaP is characterized by unique prostate–associated antigens, it has been considered 
among prime candidates for immunotherapy. Despite numerous laboratory advances, clinical 
outcomes have been partial and transient. One plausible reason for the incomplete response is 
that vaccine cells, prepared under standard tissue culture conditions, can drastically differ in 
expression of macromolecules in situ, and thus may immunize against a less complete antigen 
spectrum. The purpose of the proposed studies is to optimize the effectiveness of therapeutic 
whole–cell CaP vaccines by taking into consideration tumor–associated hypoxia as a relevant 
determinant factor of tumor antigenicity. We hypothesize that hypoxically cultured CaP cells are 
more similar in their antigen landscape to CaP cells in situ than are normoxically cultured CaP 
cells. The following Tasks were defined in the approved statement of work; Task 1. Identify 
oxygen–tension responsive genes and proteins in the cells comprising a clinical–grade CaP 
cellular vaccine. This first task was accomplished at the end of the first period. Task 2. Validate 
differentially expressed molecules in CaP that are associated with tissue hypoxia. This last task 
has been partially executed and is reported in the present progress report. If the proposed studies 
demonstrate that CaP cells grown under low oxygen tension (pO2) are more antigenically similar 
to cells in situ, this will justify the evaluation of their therapeutic value in a preclinical model. 

 

Body 

Task 1. Identify oxygen–tension responsive genes and proteins in the cells comprising a 
clinical–grade CaP cellular vaccine (Completed) 

Approach: Identification of specific candidate genes with pO2-dependent expression in CaP cells 
has not been established yet in the context of their antigenic relevance. In Task 1, CaP cells 
grown at different pO2 were tested by state-of-the-art high throughput genomics and proteomics 
techniques. This approach was designed to identify pO2–regulated tumor–associated pathways 
and macromolecules. To determine the antigenic potential of pO2–regulated tumor–associated 
macromolecules, we tested their reactivity with the spontaneous antibodies from CaP patients 
and the sera of age–matched non-cancerous controls, other cancers and an autoimmune disease. 
 
Summary of key research accomplishments related to Task 1 (as they relate to the 
proposed sub Tasks): 
 
Task 1a. To propagate LnCaP and VCaP cells under pO2–controlled conditions: 

 Hypoxic LnCaP and VCaP cells proliferate more effectively than at standard cell culture 
conditions. 

 Hypoxic cells secrete more VEGF. 
 
Task 1b. cDNA gene microarrays and data analysis: 

 Hypoxia induced overexpression of molecules involved in intracellular signaling 
networks in cancer and in urologic diseases in comparison to normoxic cells. 

 Hypoxia increased transcript levels for some genes in cell lines to levels comparable to 
those in CaP tissue. 

 Hypoxia-associated the disc large (Drosophila) homolog-associated protein 5 [DLG7], 
cyclin B1 [CCNB1], and hyaluronan-mediated motility receptor [HMMR] genes were 
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significantly overexpressed in CaP and were associated with Gleason score and disease 
prognosis. 

 Hypoxic cells expressed 30 to 60 percent more CCNB1 and DLG7 transcripts. 
 
Task 1c. 2-D gel analysis, in gel enzyme digestion and mass spectrometry: 

 The change in pO2, affected the proteome mostly quantitatively (i.e., by change in spot 
intensity). 
 

Task 1d. Association between gene-specific changes in mRNA and hypoxic proteome: 
 There was no correlation between changes in protein levels and mRNA induction among 

a group of select genes tested. 
 
Task 1e. Identification of CaP antigens by 2D–Western blots 

 Protein lysates from cells exposed to hypoxia revealed novel potential tumor associated 
antigens (TAAs) (currently under validation) in sera from CaP patients (heat shock 70 
kDa protein 4; protein disulfide isomerase A3; heterogeneous nuclear ribonucleoprotein 
L; U1 small nuclear ribonucleoprotein 70kDa and leucine-rich repeat-containing protein 
47). 

 
 
Task 2. Validate differentially expressed molecules in CaP in association with tissue 
hypoxia 
 
Approach: The presence of a hypoxic cancer microenvironment correlates with increased tumor 
invasiveness, metastases, resistance to radio- and chemotherapy, and poor clinical outcome 
(Vaupel, Kelleher et al. 2001; Overgaard 2007). It is well established that CaP cells are found 
under hypoxic conditions in vivo (Movsas, Chapman et al. 2001) and that numerous proteins are 
modified in their expression by hypoxia (Koritzinsky, Seigneuric et al. 2005). Although many 
endogenous markers have been associated with the hypoxia response in cancer they are not all 
unregulated in primary CaP tissue (Stewart, Gray et al. 2008). This may be because the 
evaluation of potential markers has not been made taking into consideration the hypoxic 
environment in first place. Task 2 (planned for the second period of the award) is aimed at 
assessing the expression of select candidate genes identified in Task 1 in CaP tissue. Real time 
PCR and RNA in situ hybridization added to immunodetection will allow detection of specific 
candidate genes in CaP tissue. 

The proposed sub Tasks are: 
2a. RNA extraction and real time quantitative PCR in CaP tissue (months 13-16) 
2b. mRNA in situ hybridization (months 16-22) 
2c. Immunohistochemistry Staining in CaP tissue (months 16-24) 
 
Note: Because of my recent relocation to the University of Mississippi Medical Center (UMMC) 
in September 2011, the timing for accomplishing Task2, originally proposed for year 2 (last 
period for this award) needed to be readjusted. For this purpose, I requested a no-cost extension 
to the PCRP-CDMRP. Approval was received on May 2012, extending the period of 
performance from: 15 May 2010 - 14 June 2012 (research ends 14 May 2012) to 15 May 2010 - 
14 June 2013 (research ends 14 May 2013). Appended is the fully executed modification of the 
basic award. With this modification it will be possible to complete the remaining sub Tasks. 
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In Task 1e we studied the reactivity of autoantibodies in CaP patient plasma. Following 
published protocols (Desmetz, Bibeau et al. 2008), we prepared total cell lysates of CaP cells 
(VCaP and LnCaP) cultured at pO2=2 kPa or 20 kPa, resolved them by 2D electrophoresis, 
transferred onto nitrocellulose membranes. Total cell lysates were incubated with pooled plasma 
(1:300) from newly diagnosed Gleason 6 CaP patients (n=5; total of 4 pools), age matched non-
cancerous controls (n=5; total of 4 pools), patients with other cancers [colon (n=10); lung 
(n=10)] and autoimmune disease [rheumatoid arthritis (n=20)]. Autoantibodies from CaP patient 
plasma specifically bound to seven spots; four were hypoxia-specific. All selected spots were 
excised from the gel, trypsin-digested, and analyzed by MALDI-TOF mass spectrometry (Table 
1). We identified them as heat shock 70 kDa protein 4; 60 kDa heat shock protein; protein 
disulfide isomerase A3; heterogeneous nuclear ribonucleoprotein L; U1 small nuclear 
ribonucleoprotein 70kDa and leucine-rich repeat-containing protein 47. With the exception of the 
latter molecule, identified proteins have been identified or validated as TAAs before [see 
references in Table 1]. However, to the best of our knowledge none of the proteins has been 
validated as a TAA in CaP. 
 

Table 1. Potential TAAs identified in VCaP cells 

Spot 
number 

Protein name 
Hypoxia 
specific 

Accession 
number 

MW 
(kDa) 

Peptides 
matched 

TAA [Refs] 

1 Heat shock 70 kDa protein 4 yes P34932 94.3 28-39 

Esophageal (Zhang, Wang 
et al. 2011), hepatocellular 
carcinoma (Takashima, 
Kuramitsu et al. 2006; Looi, 
Nakayasu et al. 2008) 

2 60 kDa heat shock protein no P10809 61.3 43-63 Breast (Desmetz, Bibeau 
et al. 2008), hepatocellular 
carcinoma (Looi, Nakayasu 
et al. 2008), colorectal (He, 
Wu et al. 2007), oral 
(Castelli, Cianfriglia et al. 
2001), gastric lymphoma 
(Takenaka, Yokota et al. 
2004)  

3 60 kDa heat shock protein no P10809 61.3 59-80 

4 60 kDa heat shock protein no P10809 61.3 50-105 

5 Protein disulfide isomerase 
A3 yes P30101 56.8 16-26 

Breast (Desmetz, Bibeau 
et al. 2008; Hamrita, 
Chahed et al. 2008), 
hepatocellular carcinoma 
(Looi, Nakayasu et al. 
2008) 

6 Heterogeneous nuclear 
ribonucleoprotein L yes P14866 64.1 18-52 

Acute leukemia (Cui, Li et 
al. 2005), healthy (Li, Zhao 
et al. 2006) 

6 U1 small nuclear 
ribonucleoprotein 70kDa yes P08621 51.4 11-52 Lymphoma (Cha, Kwak et 

al. 2006) 

7 Leucine-rich repeat-
containing protein 47 yes Q8N1G4 63.5 16-16  

 
Identification of hypoxia-sensitive TAAs from CaP patients: Among the most conspicuous 
potential TAAs recognized by plasma from CaP patients in VCaP lysates by 2D–Western blots 
were spots 1; 2-4; and 6 (Table 1).  Spot 1, a hypoxia-sensitive spot, contains the Heat shock 70 
kDa protein 4 (HSP70). This protein has been identified as TAA in esophageal (Zhang, Wang et 
al. 2011), and hepatocellular carcinoma (Takashima, Kuramitsu et al. 2006; Looi, Nakayasu et 
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al. 2008). Protein spot 1 exhibited no reactivity with sera of healthy controls (Figure 1), but was 
reactive to colon cancer and rheumatoid arthritis, thus anticipating lack of tumor specificity. 
Interestingly, the sequence of spots 2, 3 and 4 corresponded to the 60 kDa heat shock protein, 
identified by us as a hypoxia–insensitive TAA. As there are three Hsp60 isoforms (Raulston, 
Paul et al. 1998), it is likely that we identified the three isoforms as potential TAAs. Protein spots 
2, 3 and 4 exhibited no reactivity with sera of healthy controls, lung cancer and rheumatoid 
arthritis (Figure 1). We detected, in agreement with published data (He, Wu et al. 2007), some 

VCaP cells were cultured at pO2=2 kPa or pO2=20 kPa for 7 days and cell lysates were
prepared. Thirty g protein were loaded on pH 3‐10 NL IPG strips for isoelectric focusing.
Second dimension: 10.5‐14 % SDS‐PAGE gel. One set of gels was silver stained and other set
was transferred to nitrocellulose membranes, incubated with pooled plasma (1:300) from
newly diagnosed CaP patients (n=5; total of 4 pools), age matched non‐cancerous controls
(n=5; total of 4 pools), patients with other cancers [colon (n=10); lung (n=10)] and
autoimmune disease [rheumatoid arthritis (n=20)]. Following incubation with chicken anti‐
human IgG‐HRP, spots were identified by chemiluminescence. The arrowheads indicates
protein spots of interest.

Figure 1. Identification of hypoxia-specific 
protein spots from CaP patients
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reactivity (in a hypoxia-dependent manner) with plasma from colorectal cancer (CRC) patients. 
The relevance of hypoxia has been recognized in CRC (Waldner and Neurath 2010) and 
numerous CRC-associated-TAAs have been identified (Reuschenbach, von Knebel Doeberitz et 
al. 2009); however, establishing the relevance of hypoxia-sensitive HSP60 is a new and 
interesting aspect in CRC; as it could expand the use of hypoxia to the identification of TAAs in 
other tumors. 
 Spot 6; contains the U1 small nuclear ribonucleoprotein 70kDa and the heterogeneous nuclear 
ribonucleoprotein L (hnRNP L). Both of these proteins have been identified as TAAs (Cui, Li et 
al. 2005; Cha, Kwak et al. 2006; Li, Zhao et al. 2006). Additional sequencing in LnCaP cells 
(data not shown) suggested hnRNP L as the candidate of interests for further validation. Protein 
spot 6 exhibited little or no reactivity with sera of healthy controls, lung cancer or rheumatoid 
arthritis (Figure 1), but we detected some reactivity (in a hypoxia-dependent manner) with 
plasma from CRC patients. By similar reasons to those discussed for HSP60, establishing the 
relevance of hypoxia-sensitive hnRNP L could be rewarding, especially in regards to its 
identification as a potential TAA. 
 
Frequency of Autoantibodies in the sera of CaP patients: We performed ELISA tests to 
determine the frequency of autoantibodies for two of the three selected potential TAAs identified 
by 2D–Western blots: HSP60 and HSP70. The sera of CaP patients (n=54), healthy controls 
[males (n=76); females (n=6)], colorectal cancer (n=14), renal cell carcinoma (n=20), lung 
cancer (n=10), and rheumatoid arthritis (n=17). The frequencies of IgG/A/M for HSP60 were 
quantified using commercial kits [Anti-HSP60 IgG/A/M (cat# ADI-EKS-650) and Anti-HSP70 
IgG/A/M cat# ADI-EKS-750)] from Enzo Life Sciences (Plymouth Meeting, PA). This assay 
allows for reproducible, accurate, and precise determination of IgG, IgA and IgM antibodies 
(total) to the analyte of interest in plasma. Recombinant human protein (e.g. HSP60 or HSP70) is 
bound to the wells of the plate to bind anti-human antibodies for the analyte of interest present in 
plasma. The captured anti-human antibodies are detected with a HRP conjugated goat polyclonal 
antibody specific for human IgG, IgA, and IgM molecules. The results are expressed in 
proportion to the amount of captured anti-human antibodies. The frequency of HSP60 
autoantibodies (Figure 2A) were 13.0% (7/54) in CaP (average ± SD = 34.67 ± 43.94 µg/ml), 
compared to1.3% (1/76) in healthy controls (average ± SD = 22.96 ± 25.77 µg/ml); 7.14% (1/14) 
in colorectal cancer (average ± SD = 28.66 ± 25.52 µg/ml); 7.14% (1/10) in lung cancer (average 
± SD = 29.72 ± 34.42 µg/ml); 7.14% (1/20) in renal cell carcinoma (average ± SD = 33.82 ± 
24.20 µg/ml); and 0% (0/17) in rheumatoid arthritis (average ± SD = 21.52 ± 11.93 µg/ml). 
These data suggest that HSP60 autoantibodies may be elevated in the CaP patient plasma 
Next, the frequency of HSP70 autoantibodies (identified as a hypoxia-specific TAA) was 
analyzed. TAAs frequency for HSP70 (Figure 2B) were 5.3% (2/38) in CaP (average ± SD = 
21.81 ± 13.06 µg/ml), compared to 3.7% (2/54) in healthy controls (average ± SD = 21.10 ± 
11.80 µg/ml); 7.14% (0/10) in colorectal cancer (average ± SD = 19.01 ± 8.81 µg/ml); 20.0% 
(2/10) in lung cancer (average ± SD = 34.93 ± 42.21 µg/ml); 5.0% (1/20) in renal cell carcinoma 
(average ± SD = 26.40 ± 18.97 µg/ml); and 17.65% (3/17) in rheumatoid arthritis (average ± SD 
= 61.49 ± 116.3 µg/ml). TAAs for HSP70 were not elevated in CaP patients relative to healthy 
controls; and even more, higher autoantibodies frequencies were found in other tumors and in 
rheumatoid arthritis (in agreement with data from 2D-Westerm blot), a non-cancer-related 
inflammatory disease. This result contrasts with previous findings suggesting HSP70 as a 
potential TAA in esophageal (Zhang, Wang et al. 2011), and hepatocellular carcinoma 
(Takashima, Kuramitsu et al. 2006; Looi, Nakayasu et al. 2008) 
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Figure 2. Autoantibodies in the Plasma of 
CaP Patients
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Autoantibodies to HSP60 (Figure 2A) and HSP70 (Figure 2B) were quantitated in the plasma
of prostate cancer (CaP; n = 54); healthy controls (HC; n = 76); colorectal cancer (CRC; n =
14); lung cancer (LC; n = 10); renal cell carcinoma (RCC; n = 20); and rheumatoid arthritis
(RA; n = 17). Plasma samples were diluted to 1/1000. The cutoff of reactivity was defined as
the mean of sample plus 2 folds of standard deviation from normal plasma. Comparisons
were done using t‐ test, one‐tail. The level of significance was set at P < 0.05.

P = 0.029
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Overall, this data confirms HSP60 as a potential TAA in CaP. The results are in agreement with 
reported findings in other tumors (Castelli, Cianfriglia et al. 2001; Takenaka, Yokota et al. 2004; 
He, Wu et al. 2007; Desmetz, Bibeau et al. 2008; Looi, Nakayasu et al. 2008) demonstrating that 
HSP60 can elicit a humoral response. Our data represents the first one to suggest a specific 
humoral response against HSP60 in CaP. Further data evaluation in an independent validation 
group is needed to evaluate the performance and diagnostic value of HSP60 autoantibodies. For 
this purpose we are currently collaborating with Faculty at the Department of Urology and 
Pathology at UMMC. Blood and plasma samples are being collected from CaP patients recruited 
from Urology Clinics at the UMMC. An aliquot of plasma is secured for TAAs studies. 
Currently, we are in the process of acquiring the reagents for detecting antibodies to hnRNP L; 
its validation is critical in order to test the value of this, hypoxia-specific, as a potential TAA.   
 
To examine the possibility that the reactivity of CaP sera is due to an elevated expression of 
selected TAAs, the mRNA expression of HSP60 and hnRNP L, if we validate it as a potential 
TAA candidate, will be analyzed. In addition, the expression and tissue localization for potential 
candidates will be evaluated in CaP patients. To progress with this Task, protein lysates were 
prepared from tumors obtained from eight CaP patients. Protein lysates from four control 
cystoprostatectomy patients were used as controls. Separated proteins were transferred onto a 
nitrocellulose membrane and blotted against an anti-human hnRNP L monoclonal antibody 
(Abcam, cat# ab6106). The results were normalized to beta ()-actin (Novus, cat# NB600-501) 
and the ratio between hnRNP L and beta-actin was calculated to normalize the data. Normalized 
ratios were compared between controls and CaP tumors. The level of hnRNP L protein was 
significantly higher (p < 0.05); with a 2.04 fold increase compared to control prostate tissue 
(Figure 3A). This preliminary data suggests that protein expression for at least one of the 
selected potential TAAs under current validation may be elevated in CaP. Our next step will be 
to study gene expression in conjunction with a histopathology evaluation of CaP tissue. As part 
of the Prostate Cancer Foundation (PCF) awarded project “Hypoxia-regulated expression of 
DLG7 gene in prostate cancer prognosis and progression”, assessment the relationship of DLG7 
expression and cancer-specific outcomes is a most relevant Task. We applied a similar strategy 
to explore the expression of the DLG7 gene product, hepatoma up-regulated protein (HURP) in 
CaP tissue with high RNA expression for DLG7, identified by cDNA microarrays. The level of 
HURP protein (detected by anti-HURP antibodies, cat# ab79870) was significantly higher (p < 
0.005); with a 4.89 fold increase compared to control prostate tissue (Figure 3B); therefore, 
suggesting that gene and protein expression can be associated in our experimental groups. 
Analysis of the association of transcript and protein levels with clinical parameters will follow. 
In November 2011 the PI was offered a Research Collaborator position at the Department of 
Hematology, Mayo Clinic, Rochester, MN. The appointment allows ongoing funded research 
projects between his lab and Mayo Clinic researchers to continue, and to develop and maintain 
future investigative efforts. In relation to this project, validation of candidate TAAs in plasma 
and CaP tissue from patients belonging to the Mayo's prostate SPORE is in place. For this last 
purpose there is a currently active IRB protocol (Mayo IRB#10-000306). Approval for 
processing and transferring of frozen tissue for RNA analysis; and paraffin embedded tissue 
sections for immunostaining has been recently obtained (see attached minute excerpt from Mayo 
IRB). The analysis and interpretation of the generated data will be performed by Drs. George 
Vasmatzis, John Cheville, and Farhad Kosari at Mayo's Center for individualized Medicine. It is 
expected that the completion of Task 2 will occur as proposed. 
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Figure 3. Protein levels in CaP tumor lysates
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Protein lysates were prepared from prostate frozen tissue obtained from CaP patients (n=8) and
cystoprostatectomy patients (n=4) used as controls. Thirty g protein were resolved in a 10.5‐14 %
SDS‐PAGE gel; and transferred to a nitrocellulose membrane, blotted with anti �hnRNP L (1/5000)
(Figure 3A), �HURP (1/100) (Figure 3B) and �beta () actin (1/5000) antibodies. Following incubation
with the respective IgG‐HRP, bands were identified by chemiluminescence. The relative intensities of
the bands were quantified using the Image J Software, and all the values were normalized to the
intensities of the respective β‐Actin signal. Results are expressed as the normalized optical density
(OD) for individual patients. The mean OD for each experimental group is also shown. Comparisons
were done the using the Mann–Whitney U test. The level of significance was set at P < 0.05.



 

 12

Key research accomplishments 
 Three potential TAAs; two hypoxia-specific (HSP70 and hnRNP L) and one hypoxia-

nonspecific (HSP60) were selected for validation. 
 The frequency of HSP60 autoantibodies was elevated in the CaP patient plasma. 
 The frequency of HSP70 autoantibodies was not elevated in CaP patients relative to 

healthy controls; even more, higher autoantibodies frequencies were found in other 
tumors and in rheumatoid arthritis. 

 Protein expression for hnRNP L (detected by Western Blot technique) was elevated in 
CaP tissue. Similarly, protein expression for HURP, another hypoxia-specific protein, 
was elevated in CaP tissue. 
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recruit 4 undergraduate trainees per year from Tougaloo College; Aim 2: To develop 
their skills through a comprehensive training curriculum in CaP research at UMMC-
Cancer Institute and; Aim 3: To track and coach trainees on their progress towards 
becoming biomedical CaP researchers. Key personnel receiving salary support from this 
project: Srinivasan Vijayakumar, M.D. 0.12 Calendar months (Principal Investigator), 
Christian R. Gomez, Ph.D. 0.36 Calendar months (Program Coordinator and Mentor). 

2. Title: Hypoxia enhances prostate cancer radioresistance by promoting cancer cell 
stemness. P.I. Date: March 2012. Funding agency: BD Biosciences Research Grant 
Program-Stem Cell Grant. Time commitment: 5%. Performance period: 07/01/12 – 
07/01/14. Level of funding: $10,000. Status: Not funded. Project goal: test the hypothesis 
that a low oxygen environment (where radiation is less effective due to the lack of the 
oxygen effect) increases the fraction of cancer stem cells in the population giving thus 
rise to a more resistant tumor. Key personnel receiving salary support from this project: 
10% effort flow cytometry core personnel. 

3. Title: A gene panel predictive of outcome in men at high-risk prostate cancer: Prognostic 
performance in African Americans. Funding agency: Bayer-Grants4Targets. Time 
commitment: 5%. Performance period: 06/01/12 – 06/01/14. Level of funding: $150,000. 
Status: Not funded. Project goal: test the hypothesis that a panel of hypoxia-sensitive 
genes and TAAs identified in Caucasians has prognostic value in patients from other 
races with diagnosed CaP and in other cancers. Key personnel receiving salary support 
from this project: 100% effort postdoctoral fellow. 

 
  Research opportunities 

In November 2011 the PI was offered a Research Collaborator position at the Department of 
Hematology, Mayo Clinic, Rochester, MN (see appended appointment notification letter). The 
appointment allows continuing ongoing funded research projects between his lab and Mayo 
Clinic researchers, and to develop and maintain future investigative efforts. One project [DOD 
PCRP W81XWH-10-1-0225, PI] needs validation of a set of tumor-associated antigens in 
plasma and CaP tissue from patients belonging to the Mayo's prostate SPORE. For this last 
purpose there is a currently active IRB protocol (Mayo IRB#10-000306). In another project (PCF 
2011 Creativity Award, P.I.), the prognostic value of hypoxia-controlled transcripts in resected 
CaP tissues is being tested. For this purpose the immunostaining of hundreds of tissue slides 
from a large case-control study was performed at Mayo’s TACMA lab. The analysis and 
interpretation of data is being performed by Drs. George Vasmatzis, John Cheville and Farhad 
Kosari at Mayo's Center for individualized Medicine. At UMMC, the PI is beginning 
experiments aimed at validating our findings in the context of the health disparities issue. For 
this purpose, transfer of materials and data between his lab at UMMC and others throughout 
Mayo Clinic is critical. This appointment will be beneficial both for the discovery of novel tumor 
biomarkers and for the development of better therapy for CaP. 
Active collaboration was established with Drs. Charles Pound M.D. Head of the Urology 
Department; Dr. J. Jeffrey Karnes current Director for the Mayo Clinic Department of Urology 
Radical Prostatectomy/Prostate Cancer Database; and Dr. Srinivasan Vijayakumar M.D., Chair 
of the Radiation Oncology Department at UMMC. This effort is focused on developing a 
retrospective research database for patients who were treated by radical prostatectomy in the 
Department of Urology at UMMC. This project will allow testing the value of potential TAAs 
and prognostic biomarkers for other populations, particularly those at higher risk. The uniform 
accumulation of clinical, pathological, and follow-up data on African American patients with 
operable cancer—with or without adjuvant treatment—will allow estimation of morbidity and 



 

 14

mortality associated with prostatectomy, estimation of long-term outcomes, and assessment of 
predictors of outcome. 
 
Employment applied 
In September 2012 the PI accepted a tenure–track Associate Professor position at the Department 
of Pathology, University of Mississippi Cancer Center, Jackson, MS (see appended welcoming 
letter from Dr. James Keeton, Vice Chancellor and Dean)  A seeding/Start-up Grant with an 
estimated performance period of 5 years (09/26/11 – 09/26/16) was received. Level of funding: 
$375,000 in direct costs. These funds cover lab equipment, supplies and personnel salaries. 
Added to external, peer-reviewed funding held by the PI from the DOD (PCRP W81XWH-10-1-
0225) and the PCF (2011 Creativity Award) make a total close to $1.000.000 of combined 
independent research funding. The general research interests focus of the lab is on modulating 
immunity to offset the effects of disease and aging. The overall goal is to develop basic research 
with immediate translational potential and technological applicability in cellular immunotherapy 
of cancer, immune reconstitution, and regenerative medicine. Ongoing efforts are to develop 
more effective cancer immunotherapy, particularly immunotherapy of CaP. For more 
information please visit the following web site: 
http://cancerinstitute.umc.edu/profiles/gomez_christian.html 
 
Conclusion 
We are studying the ways to optimize the effectiveness of therapeutic whole–cell CaP vaccines 
by tumor–associated hypoxia as a relevant determinant of tumor antigenicity. Our results suggest 
the value of selected candidates (i.e. HSP60 and hnRNP L) as potential TAAs and 
immunotherapeutic targets. Performance of their diagnostic value in a validation independent 
group will establish the clinical utility for early diagnosis of CaP. Additionally, analysis of the 
overexpression in tumors will help to define the role of these proteins in tumor growth and 
progression. 
 
So what: The role of pO2 in tumor biology has been underappreciated. Recently, tumor–
associated hypoxia has been associated with malignant progression, metastasis, resistance to 
therapy, and poor clinical outcome. Our results are contributing to define the potential of hypoxia 
as a tool in the development of cellular vaccines for CaP and introduce novel diagnostic and 
prognostic tools not only for CaP, but also for other forms of cancer. 
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PROGNOSTIC VALUE OF HYPOXIA-CONTROLLED GENES IN HIGH-RISK PROSTATE CANCER 
Christian R. Gomez, Jan Marie Munz, Farhad Kosari, R. Jeffrey Karnes, John C. Cheville, 
Cristiane M. Ida, Thomas J. Sebo, Asha A. Nair, Hui Tang, George Vasmatzis, Stanimir Vuk-Pavlović. 
Mayo Clinic, Rochester, MN, USA. 
 

Tumor–associated hypoxia has been associated with malignant progression, metastasis, 
resistance to therapy, and poor clinical outcome in prostate cancer (CaP). Prompted by the evidence 
that hypoxia affects CaP, we studied global gene expression in 100 CaP tissues and 71 samples of 
adjacent benign tissues. RNA was extracted from cancer cells isolated by laser-capture microdissection 
(LCM) or without isolation (“bulk tissue”). We found 24 hypoxia-associated genes significantly 
overexpressed in CaP (p≤0.02), both in bulk tissue and LCM. Among hypoxia-associated genes, the disc 
large (drosophila) homolog-associated protein 5 (DLG7), hyaluronan-mediated motility receptor (HMMR) 
and cyclin B1 (CCNB1) were associated with Gleason score and systemic progression. Since the products 
of HMMR and CCNB1 have been recently identified as molecular markers of CaP progression, we 
postulated that DLG7 has prognostic value also. To test this hypothesis we measured transcript levels 
for DLG7 in a 150-pair case-control cohort. The cases (progression to systemic disease within five years 
of surgery) and controls (no progression within seven years) were matched for clinical and pathologic 
prognostic variables, including grade, stage, and preoperative serum levels of PSA. The overall 
prognostic ability of DLG7, as tested in receiver operating characteristic analysis was of 0.74 (95% CL, 
0.68 to 0.8), independent of the for ERG status. Overall, our data indicate that DLG7, a hypoxia-
controlled gene have a prognostic value in high-risk CaP. Introduction of oxygen tension as a variable 
may constitute a tool for the identification of novel biomarkers for CaP. 

 
Support: PCF Creativity Award (CRG), DOD PC094680 (CRG), Minnesota Partnership for Biotechnology 
and Medical Genomics (GV), Mayo Clinic Prostate SPORE 5P50CA091956 (FK, SV-P), Adelyn Luther, 
Singer Island, Florida (SV-P); and Mayo Clinic Cancer Center (SV-P). 
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completion January 2004 
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1998 - 2000 Research assistant: CAAT/enhancer-binding protein signaling during the acute  phase 
response of aged Fisher 344 rats, Advisor: Dr. Robin Walter,  Department of Cellular and 
Molecular Biology, University of Chile School  of Medicine, Santiago, Chile 

2000 - 2004 Doctoral dissertation: Macrophage inflammatory protein 1-alpha as a  modulating factor of 
the acute phase response: extension to the  inflammatory response in aged individuals, 
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Advisor: Dr. Felipe Sierra,  Department of Cellular and Molecular Biology, University of 
Chile  School of Medicine, Santiago, Chile 

2004 - 2008    Postdoctoral Fellow: Aging and inflammatory responses. Supervisor: Dr.  Elizabeth J. Kovacs, 
Loyola University Chicago, Stritch School of  Medicine, Department of Cell Biology, 
Neurobiology and Anatomy and  Department of Surgery, Maywood, IL 

 
International Courses 
Natural Antibodies in the Maintenance of Tolerance to Self: Lessons from Physiology and Therapy, Program of 

Immunology, Faculty of Medicine, University of Chile, Santiago, Chile, 15-16 December 1998 
International Symposium and Training Course: "Cellular Signaling From Plasma membrane to the Nucleus", 

Program of Cellular and Molecular Biology, Faculty of Medicine, University of Chile, Santiago, Chile, 12-
23 July 1999 

International Symposium and Training Course: "International Course on Techniques for the Study of 
Functional Genomics", Program of Cellular and Molecular Biology, Faculty of Medicine, University of 
Chile, Santiago, Chile, 19 June – 1 July 2000 

Training Course: "Molecular Biology of Aging", Marine Biological Laboratory, Woods Hole, MA, USA, 31 
July – 19 August 2006 

 
Faculty Appointments 
2004 - 2007   Research Associate, Loyola University Chicago, Stritch School of Medicine,  Department of 

Cell Biology, Neurobiology and Anatomy, Maywood, IL 
2007 - 2008    Research Associate, Loyola University Chicago, Stritch School of Medicine,  Department of 

Surgery, Maywood, IL 
2008 -  2011      Research Associate, Stem Cell Laboratory, Department of Oncology, Mayo  Clinic Cancer 

Center, Rochester, MN 
2009 - 2011      Assistant Professor of Biochemistry/Molecular Biology, Mayo Clinic  College of Medicine, 

Rochester, MN 
2010 - 2011       Assistant Professor, Division of Preventive, Occupational, And Aerospace Medicine, Mayo 

Clinic, Rochester, MN 
2011 - Date       Associate Professor, Department of Pathology, University of Mississippi Medical Center, 

Jackson, MS 
2011 - Date       Full Member, University of Mississippi Cancer Center, University of Mississippi Medical 

Center, Jackson, MS 
2011 - Date       Research Collaborator, Mayo Clinic, Rochester, MN 
2012 - Date       Full Member, The School of Graduate Studies’ Graduate Faculty, University of Mississippi 

Medical Center, Jackson, MS 
2012 - Date       Associate Professor, Department of Radiation Oncology, University of Mississippi Medical 

Center, Jackson, MS (pending) 
 
Professional Awards  
1998-2002 Chilean National Council for Science and Technology (CONICYT) doctoral  scholarship 
2000 International Travel Award: "Identification of genes that are differentially       expressed 

during the acute phase response of senescent animals", Lab. Dr.  Christian Cell, Lankenau 
Institute for Medical Research, Thomas  Jefferson University, Wynnewood, PA, USA 

2002  International Travel Award: "Characterization of differential hepatic  expression of the 
chemokines MIP-1, in aged rats, injected with  bacterial endotoxin (LPS)", Lab. Dr. 
Christian Sell and Lab. Dr. Vincent  Cristofalo, Lankenau Institute for Medical Research, 
Thomas Jefferson  University, Wynnewood, PA, USA 
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2002  International Travel Award:  "Standardization of the measurement of tissue  and 
circulating levels of cytokines during the acute phase response of aged  rats", Lab. Dr. 
Elizabeth J. Kovacs, Stritch School of Medicine, Loyola  University, Maywood, IL, USA 

2001   Distinguish Award for the "Best dissertation project on Gerontological  Studies" 
Interdisciplinary Program for Gerontological Studies, University  of Chile, Santiago, Chile 

2004  Travel award to attend the Annual Meeting of the Society for Leukocyte  Biology, Toronto, 
Canada  

2004  Doctoral Medal, University of Chile, Santiago, Chile 
2005  Travel award to attend the Annual Meeting of the Society for Leukocyte  Biology, Oxford, 

England 
2006 Young Investigator Travel Award to attend the Twenty-Ninth Annual  Conference on Shock, 

Broomfield, CO, USA  
2006  Travel award to attend the Annual Meeting of the Society for Leukocyte  Biology, San 

Antonio, TX, USA 
2010  AACR Minority Scholar in Cancer Research Award to attend the AACR Special Conference, 

Tumor Immunology: Basic and Clinical Advances. Miami, FL 
2011  Prostate Cancer Foundation. Treatment Sciences Creativity Awards 2011 
 
Professional Society Membership and Activities 
2004 - 2008     Society for Leukocyte Biology, Member 
2004 - 2008  Shock Society, Member 
2009 - Date  American Association for Cancer Research (AACR), Associate Member 
2009 - Date   Mayo Clinic Alumni Association, Member 
2009 - Date   AACR, Minority Scholar in Cancer Research, Member 
 
Media Related Quotes and Interviews 
2005  "Healthy Aging", Interview, University of Santiago Radio. Santiago, Chile 
 
Journal Review Activity 
2010 - Date Ad Hoc Reviewer: Journal of Leukocyte Biology, American Journal of 

       Physiology-Advances in Medical Education 
2012 - Date Editorial Board of Conference Papers in Immunology 
 
Grant Review Panels 
2012 - Date Training Clinical and Experimental Therapeutics peer review panel of the 

       2012 Prostate Cancer Research Program for the Department of Defense 
       Congressionally Directed Medical Research Programs. 

 
Teaching Experience 
1999, 2001  Teaching Assistant, Course of Cellular Biology for Kinesics therapy and  Occupational therapy 

and Medical Technology (First year students),  Faculty of Medicine, University of Chile, 
Santiago, Chile 

2002-2003 Teaching Assistant, Seminars on Biotechnology for Medical technology  students (second year 
students), Mention clinical bio-analysis,  Hematology and Blood bank, Faculty of Medicine, 
University of Chile,   Santiago, Chile  

2002-2003 Teaching Assistant, Cellular Biology course for Biochemistry students (fourth  year students), 
Faculty of Chemical and Pharmaceutical Sciences,  University of Chile, Santiago, Chile  
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2003-2004 Teaching Assistant, Workshop for Integration of Basic Sciences for Medical  students (first 
year students), Faculty of Health Sciences, University Diego  Portales, Santiago, Chile  

2003-2006 Teaching Assistant, Course Structure and Function I for Medical students  (first year students), 
Faculty of Health Sciences, University Diego  Portales, Santiago, Chile 

2003 Teaching Assistant, Course of Cell Biology for Ph.D. students, Faculty of  Medicine, University 
of Chile, Santiago, Chile 

2003 Teaching Assistant, Course of Advanced Genetics for Ph.D. students, Faculty  of Medicine, 
University of Chile, Santiago, Chile 

2004 Teaching Assistant, course of Cell Biology for Nursery and Medical  Technology students 
(first year students), Faculty of Health Sciences,  University Diego Portales, Santiago, Chile 

2004 Teaching Assistant, Seminars in Molecular Biology for Medical Technology  (fourth year 
students), Mention clinical Bio-analysis, Hematology and  Blood bank, Faculty of Medicine, 
University of Chile, Santiago, Chile 

2006 TEACHING ASSISTANT, MEDICAL HISTOLOGY, THE STRITCH SCHOOL OF 
MEDICINE,  LOYOLA UNIVERSITY MEDICAL CENTER, MAYWOOD, IL  

 
Research Supervision 
2005 Co-mentor: Stephanie Hirano, M.D. Student 
           
2005 Mentor: Ying Peng, Ph.D. Candidate 
     Christine Regnell, M.S. Candidate 
  Shirin Birjandi, Ph.D. Candidate 
 
All the students were at Elizabeth J. Kovacs’ Laboratory at The Burn and Shock Trauma Institute, Loyola 
University Medical Center, Maywood, IL 
 
2006-8 Mentor: Freddy Bustos, Constanza Fernández, Ana María Duhalde,  
                                      M.D. Students, Methodology in research rotation, Universidad Diego 
                                      Portales, Santiago, Chile       
2009                 Co-Mentor: Freddy Bustos, M.D. Student, research rotation, Stem Cells Lab, Mayo Clinic 

Cancer Center, Rochester, MN  
2010-Date Claire A. Schreiber, Luther College, Decorah, IA 
 Research Assistant, Stem Cells Lab, Mayo Clinic Cancer Center, Rochester, MN 
2011 Lauren Ulbrich, St. Mary’s University, Winona, MN 
 Summer student, Stem Cells Lab, Mayo Clinic Cancer Center, Rochester, MN 
2011-Date Tangeng Ma, Research Scientist III, University of Mississippi, Cancer 

  Institute, Jackson, MS   
2011-Date    Elizabeth Tarsi, Research Scientist II, University of Mississippi, Cancer 

    Institute, Jackson, MS   
2012-Date  Abdelouahid Elkhattouti, Postdoctoral Fellow I, University of Mississippi, 

  Cancer Institute, Jackson, MS 
2012    Appifani Binion, Tougaloo College, Tougaloo, MS, summer student, 

    University of Mississippi, Cancer Institute, Jackson, MS 
 
Research Grant Support 
Ongoing:  
Tittle: Enhancing therapeutic cellular prostate cancer vaccines (PC094680) (P.I.). 
Time commitment:  50% 
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Supporting agency: Department of Defense. New Investigator Award 
Performance period: 04/15/10 – 03/31/12 
Level of funding (direct costs): $225,000 
Project goals: The overall goal of the proposed studies is designed to optimize the effectiveness of therapeutic 
whole–cell CaP vaccines. We hypothesize that hypoxically cultured CaP cells are more similar in their antigen 
landscape to CaP cells in situ than are normoxically cultured CaP cells 
Specific aims: 1) To identify oxygen–tension responsive genes and proteins in the cells comprising a clinical–
grade CaP cellular vaccine. 2) To validate differentially expressed molecules in CaP tissue in association with 
tissue hypoxia 
Key personnel receiving salary support from this project: 100% effort CR Gomez. 50% effort allied staff 
 
Tittle: Hypoxia-regulated DLG7 in prostate cancer carcinogenesis and prognosis. (P.I.) 
Time commitment: proposed 50% 
Supporting agency: Prostate Cancer Foundation. Treatment Sciences Creativity Awards 2011 Performance 
period: 05/01/11 – 05/01/13 
Level of funding: $300.000 (direct costs) 
Project goals: We found the transcripts of the discs large homolog-associated protein 5 (DLG7), a hypoxia-
regulated gene, overexpressed in human primary prostate cancer and human prostate cancer cell lines. The 
overall goal of the proposed studies is to validate the role of DLG7 role in tumor progression 
Specific aims: 1) To measure the levels of DLG7 transcripts in resected CaP tissues and study the association 
with survival. 2) To overexpress DLG7 in prostate cells (normal epithelium and tumorigenic cells) and compare 
tumorigenesis in the context of hypoxia. 
Key personnel receiving salary support from this project: 50% effort CR Gomez. 100% effort postdoctoral 
fellow 
 
Tittle: Improving effectiveness of cancer immunotherapy of prostate cancer. (P.I.) 
Supporting Institution: University of Mississippi Cancer Institute–Seeding/Start-up Grant, Jackson, MS  
Performance period: 09/26/11 – 09/26/16 
Project goals: To characterize the antigenic landscape of hypoxically cultured prostate cancers cells and 
compare it to that of normoxic CaP cells. Testing of the role of the hypoxia-controlled gene–DLG7–in tumor 
progression 
Key personnel receiving salary support from this project: 100% effort technical personnel and one postdoctoral 
fellow 
 
Completed: 
Tittle: Hyperbaric oxygen as mobilizer of stem cells and progenitors in senescent mice (Stanimir Vuk-Pavlovic, 
P.I.). Co P.I. 
Time commitment:  30% 
Supporting agency: Mayo Clinic, Division of Preventive, Occupational and Aerospace Medicine Small Grant 
Awards 
Performance period: 04/01/09 – 12/30/09 
Level of funding: $17,500 
Project goals: The effects of hyperbaric oxygen (HBO) on mobilization of hematopoietic and stem and 
progenitor cells (HSPCs) and mesenchymal stromal cells (MSCs) from bone marrow into circulation of old 
mice were explored. 
Specific Aims: 1) To measure the effects of HBO in young and old mice by flow cytometry after labeling white 
blood cells with pertinent fluorescent immunoreagents for HSPCs and MSCs. 2) To measure the levels of 
selected circulating cytokines involved in HSPCs and MSCs mobilization. 
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Key personnel receiving salary support from this project: 3% effort CR Gomez 
 
Tittle: Hyperbaric oxygen as mobilizer of stem cells and progenitors in senescent mice. Extension of funds for 
2010 (Stanimir Vuk-Pavlovic, P.I.). Co P.I. 
Time commitment:  30% 
Supporting agency: Mayo Clinic, Division of Preventive, Occupational and Aerospace Medicine Small Grant 
Awards 
Performance period: 04/01/10 – 12/31/10 
Level of funding: $10,000 
Project goals: The mechanisms of age-related impairment of mobilization of both hematopoietic stem and 
progenitor cells (HSPCs) and mesenchymal stromal cells (MSCs) from bone marrow by hyperbaric oxygen 
(HBO) into circulation of old mice were studied. Specific Aims: 1) To analyze the effects of aging and HBO on 
the expression of SDF-1/CXCR4 system, the critical regulator of SPCs function and homing. 2) To analyze the 
effects of aging and HBO on the regulation of nitric oxide (•NO)–mediated mechanism of MSCs mobilization 
by HBO synthesis. 
Key personnel receiving salary support from this project: 3% effort CR Gomez 
 
Applied 
Tittle: Hypoxia enhances prostate cancer radioresistance by promoting cancer cell stemness. P.I. 
Funding agency: BD Biosciences Research Grant Program-Stem Cell Grant. 
Time commitment: 5%. Performance period: 07/01/12 – 07/01/14. Level of funding: $10,000. 
Project goal: test the hypothesis that a low oxygen environment (where radiation is less effective due to the lack 
of the oxygen effect) increases the fraction of cancer stem cells in the population giving thus rise to a more 
resistant tumor. 
Key personnel receiving salary support from this project: 10% effort flow cytometry core personnel. 
 
Tittle: A gene panel predictive of outcome in men at high-risk prostate cancer: Prognostic performance in 
African Americans 
Funding agency: Bayer-Grants4Targets 
Time commitment: 5%. Performance period: 06/01/12 – 06/01/14. 
Level of funding: $150,000. 
Project goal: test the hypothesis that a panel of hypoxia-sensitive genes and TAAs identified in Caucasians has 
prognostic value in patients from other races with diagnosed CaP and in other cancers. 
Key personnel receiving salary support from this project: 100% effort postdoctoral fellow. 
 
Planned:  
 “Hypoxia and tumor microenvironment to improve cell immunotherapy for prostate cancer”. NIH, R01. 
$250,000/$1,250,000 (direct costs).  Period: 07/01/12 – 06/30/16. P.I. 
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Research Interests 
 

 Immunosenescence:  The effects of advanced age on inflammation, immunoregulation, and injury. Age-
dependent defects in cytokine networks. Interleukin-6: age-related effects on cellular and systemic 
immune responses. Hormone replacement and cell mediated immunity in the aged. 

 Immunotherapy for prostate cancer: Small molecules as modulators of the tumor microenvironment. 
Strategies aimed at improving delivery of whole-cell cancer vaccines by improving their antigenicity. 

 Restoring immunity in the aged: Hyperbaric oxygen therapy as mobilizer of stem cells and progenitors 
in senescent individuals. 



 

 35

BIBLIOGRAPHY 
 
3. Aravena, M., Perez, C., Perez, V., Acuna-Castillo, C., Gomez, C.R., Leiva-Salcedo, E., Nishimura, S., 

Sabaj, V., Walter, R. and Sierra, F. 2005. T-kininogen can either induce or inhibit proliferation in Balb/c 
3T3 fibroblasts, depending on the route of administration. Mech Ageing Dev. 126:399-406 

4. Gomez, C.R., Boehmer, E.D. and Kovacs, E.J. 2005. The aging innate immune system. Current Opin 
Immunol 17:457-462 

5. Pérez, V., Velarde, V., Acuña-Castillo, C., Gomez, C.R., Nishimura, S., Sabaj, V., Walter, R., and Sierra, 
F. 2005. Increased Kinin Levels and Decreased Responsiveness to Kinins During Aging.  Gerontol A 
Biol Sci Med Sci  60:984-990 

6. Acuña-Castillo, C., Aravena, C., Leiva-Salcedo, E., Pérez, V., Gomez, C.R., Sabaj, V., Nishimura, S., 
Pérez, C., Colombo, A., Walter, R. and Sierra, F. 2005. T-kininogen, a cystatin-like molecule, inhibits 
ERK-dependent lymphocyte proliferation. Mech Ageing Dev 126:1284-91 

7. Gomez, C.R., Acuña-Castillo, C., Nishimura, S., Pérez, V., Escobar, A., Sabaj, V., Torres, C., Walter, R. 
and Sierra, F. 2006. Serum from aged F344 rats conditions the activation of young macrophages. Mech 
Ageing Dev 127:257-63 

8. Pérez, V., Leiva-Salcedo, E., Acuña-Castillo, C., Aravena, M., Gomez, C.R., Sabaj, V., Colombo, A., 
Nishimura, S., Pérez, C., Walter, R. and Sierra, F. 2006. T-kininogen induces endothelial cell 
proliferation. Mech Ageing Dev 127:282-89 

9. Gomez, C.R., Goral, J., Ramirez, L., Kopf, M. and Kovacs, E.J. Aberrant Acute Phase Response in Aged 
IL-6 KO mice. 2006. Shock 25:581-85 

10. Acuña-Castillo, C., Leiva-Salcedo, E., Gomez, C.R., Pérez, V., Li, M., Torres, C., Walter, R., Murasko, 
D.M. and Sierra, F. T-kininogen: A biomarker of aging in Fisher 344 rats with possible implications on 
the immune response. 2006. J Gerontol Biol Sci. 61A:641-49 

11. Espinoza, I., Gomez, C.R., Galindo, M. and Galanti, N. Developmental expression pattern of histone H4 
gene associated to DNA synthesis in the endoparasitic platyhelminth Mesocestoides corti. 2007. Gene, 
386 (1-2): 35-41 

12. Gomez, C.R., Birjandi, S., Hirano, S., Cutro, B.T., Baila, H., Nomellini, V. and Kovacs, E.J., Advanced 
age exacerbates the pulmonary inflammatory response after lipopolysaccharide exposure. 2007. Crit 
Care Med, 35:246-51 

13. Boehmer, E.D., Meehan, M.J., Cutro, B.T., Gomez, C.R. and Kovacs, E.J. Aberrant TLR-mediated signal 
transduction in macrophages from aged mice. (ed., JD Schwarzmeier). 2006. The 6th International 
Cytokine Conferences. Bologna, Italy, Monduzzi Editore, pp 31-34 

14. Gomez, C.R., Nomellini, V., Boehmer, E.D. and Kovacs, E.J. Signal transduction of the aging innate 
immune system. 2007. Current Immunol Revs, 3: 23-30 

15. Gomez, C.R., Plackett, T.P., and Kovacs, E.J., Aging and Estrogen: Modulation of Inflammatory 
Responses after Injury. 2007. Exp Gerontol, 42:451-56 

16. Nomellini, V., Gomez, C.R., and Kovacs E.J. Aging and impairment of innate immunity. 2008. Contrib 
Microbiol, 15:188-205 

17. Karavitis, J., Murdoch, E.L., Gomez, C.R., Ramirez, L., and Kovacs, E.J. Acute ethanol exposure 
attenuates multiple macrophage functions. 2008. J. Interf. Cytok. Res, 28:413-22 

18. Bustos, F., Fernández, C., Duhalde, A., and Gomez, C.R., Motivational profile of the students that enter 
and remain in the Universidad Diego Portales medical School . A retrospective study. 2008. RECS, 5: 
33-40 

19. Nomellini, V., Faunce, D.E., Gomez, C.R., and Kovacs, E.J. An age-associated increase in pulmonary 
inflammation after burn injury is abrogated by CXCR2 inhibition. 2008. J. Leuk. Biol. 83:1493-501 



 

 36

20. Gomez, C.R., Nomellini, V., Faunce, D.E., and Kovacs, E.J. Age and Innate immunity. 2008. Exp 
Gerontol. 43:718-728. Note: This article was one of the top 10 most cited papers in Experimental 
Gerontology during the period 2008 – 2010. Source www.scopus.com - September 2010 

21. Donoso, V., Gomez, C.R., Orriantia, M.A., Coddou, C., Pérez, V., Torres, C., Nelson, P., Mónica Imarai, 
M., Huidobro-Toro, J.P., Felipe Sierra, F., Fernandez, R., Morales, B., Acuña-Castillo, C. The release of 
sympathetic neurotransmitters is impaired in aged Fisher 344 rats. A possible role in the changes in 
cytokine production. 2008. Mech Ageing Dev. 129: 728-734 

22. Nomellini, V., Gomez, C.R., Gamelli, R.L., and Kovacs, E.J. Aging, and animal models of systemic insult: 
Trauma, burn, and sepsis. 2009. Shock. 31:11-20 

23. Gomez, C.R., Acuña-Castillo, C., Pérez, C., Leiva-Salcedo, E., Ordenes, E., Oshima, K., Aravena, M., 
Pérez, V., Nishimura, S., Sabaj, V., Walter, R. and Sierra, F. Defective acute phase response during 
aging is associated with acute hepatic injury. 2009. J. Gerontol. 63:1299-306 

24. Gomez, C.R., Nomellini, V., Baila, H., Oshima K., and Kovacs, E.J. Comparison of the effects of aging 
and IL-6 on the hepatic inflammatory response in two models of systemic injury: scald injury versus i.p. 
LPS administration. 2009. Shock. 31:178-84 

25. Gomez, C.R., Nomellini, V., and Kovacs, E.J. Part III-10: Immunosenescence and sex hormones, book 
chapter in: “Handbook on immunosenescence. Basic understanding and clinical applications”. 2009. 
Edited by Tamas Fulop, Katsuiku Hirokawa, Graham Pawelec, and Claudio Franceschi. Springer 
Netherlands. ISBN: 978-1-4020-9062-2. Pages: 799-831 

26. Gomez, C.R., Karavitis, J., Palmer, J.L., Faunce, D.E., Ramirez, L., Nomellini, V., and Kovacs, E.J. 
Interleukin-6 contributes to age-related alteration of cytokine production by macrophages. 2010. 
Mediators Inflamm. Article ID:475139 

27. Salinas, D.G., Acevedo, C. and Gomez, C.R. Modeling a neural network for the learning of the structure-
function relationship. 2010. Adv Physiol Educ. 34:158-61. 

28. Gomez, C.R., Knutson, G., Bulur, P., Schreiber, C., Vuk-Pavlovic S. Age-dependent response of bone 
marrow cells to hyperbaric oxygen. BMC Medicine. DOI: 10.1007/s10522-012-9373-8 

29. Nomellini, V., Mahbub, S., Gomez, C.R., and Kovacs, E.J. Dysregulation of neutrophil CXCR2 and 
pulmonary endothelial icam-1 promotes age-related pulmonary inflammation. 2012. Aging Dis. 3:234-
47 



 

 37

Manuscripts in Preparation 
1. Gomez, C.R., Knutson, G., Schreiber C.A., Vuk-Pavlovic S., Low oxygen tension as a tool for the 

development of better prostate cancer cell vaccines 
2. Gomez, C.R., Kosari, F., Munz, J.M., Schreiber, C., Knutson, G., Charlesworth, C., Karnes, R. J., Cheville, 

J., Vasmatzis, G., Vuk-Pavlovic, S. Prognostic value of hypoxia-associated genes in prostate cancer 
3. Elkhattouti, A., Gomez, C.R. Aging Niche in Senescence-Related Pathology (submitted). 



 

 38

Research Reports and Abstracts 
1. Gomez, C.R., Walter, R. and Sierra F. 2001. Regulation of gene expression of cytokines during aging. 

Symposium, “Oxidative stress, cellular responses and modulator factors”, XXIV annual meeting of the 
Chilean Society of Biochemistry and Molecular Biology. Chillán, Chile, p.23 

2. Gomez, C.R., Walter, R. and Sierra, F. 2002. Expression of MIP-1 during the acute phase response of 
aged rats. XVI annual meeting of the Chilean Society of Cellular Biology. Puerto Varas, Chile, p. 22 

3. Gomez, C.R., Nishimura, N., Acuña-Castillo, C., Leiva-Salcedo, E., Rivas, M., Pérez, V., Sierra, F. and 
Walter, R. 2002. T-Kininogen (T-KG) affects the activation of macrophages in response to bacterial 
endotoxin. XLV annual meeting of the Chilean Society of Cellular Biology. Puyehue, Chile, R-121 

4. Acuña-Castillo, C., Aravena, M., Leiva-Salcedo, E., Pérez, V., Gomez, C.R., Nishimura, S., Walter R. and 
Sierra, F. 2002. T-kininogen inhibits ConA-stimulated MAPKs activity in lymphocytes and 
macrophages. VI Latinoamerican Immunology Conference (ALAI). La Habana, Cuba 

5. Acuña-Castillo, C., Nishimura, S., Gomez, C.R., Pérez, V., Sabaj, V., Aravena, M., Walter, R. and Sierra F. 
2003. Relationship between differential MAPKs activation and cytokine induction in old rats. XVII 
Annual Meeting of the Society of Cellular Biology of Chile. Pucón, Chile. R-42 

6. Pérez, V., Velarde, V., Acuña-Castillo, C., Gomez, C.R., Sabaj, V., Walter, R. and Sierra, F. 2003. The 
response to kinins is diminished in the aorta of old rats. XVII Annual Meeting of the Society of Cellular 
Biology of Chile. Chile. R-162 

7. Salinas, D.G., Gomez, C.R. and Montiel, J.F. 2004. Progresses of a theory-practical course for the 
integration on basic sciences. V workshop of Education in Health Sciences. Faculty of Medicine, 
University of Chile. Santiago, Chile 

8. Gomez, C.R., Acuña-Castillo, C., Pérez, V., Nishimura, S., Sell, C., Kovacs, E.J., Quinn, D., Sierra, F. and 
Walter, R. 2004. Delay in the expression of MIP-1 is related to a temporal defect in the acute phase 
response of aged F344 rats. Annual Meeting of the Society for Leukocyte Biology. Toronto, Canada 

9. Gomez, C.R., Boehmer, E.D., Acuna-Castillo, C.A. and Kovacs, E.J. 2005. Serum from aged mice 
augments the production of TNFα by macrophages from young mice. Experimental Biology and XXXV 
International Congress of Physiological Sciences. San Diego, CA, USA 

10. Gomez, C.R., Cutro, B.T., Fitzgerald, D.J., Goral, J., Ramirez, L. and Kovacs E.J. 2005. Aberrant Acute 
Phase Response in Aged IL-6 KO mice. 38th Annual Meeting of the Society for Leukocyte Biology. 
Oxford, England 

11. Kovacs, E.J., Cutro, B.T., Ramirez, L., Goral, J. and Gomez, C.R. 2005. Reduced pulmonary inflammation 
after injury in aged IL-6 deficient mice. 38th Annual Meeting of the Society for Leukocyte Biology. 
Oxford, England 

12. Nomellini, V., Ramirez, L., Cutro, B.T., Gomez, C.R. and Kovacs, E.J. 2005. Aberrant pulmonary 
pathology in aged mice may explain age-dependent differences in mortality after injury, St. Albert’s day 
research presentations. Graduate School, Loyola University Medical Center. Maywood, IL, USA 

13. Hirano, S., Cutro, B.T., Ramirez, L., Gomez, C.R., and Kovacs, E.J. 2005. Aging exacerbates pulmonary 
inflammation after lipopolysaccharide exposure. St Luke’s Medical Research Day. Maywood, IL, USA 

14. Gomez, C.R., Goral, J., Ramirez, L. and Kovacs, E.J. 2005. Acute Phase Response in Aged IL-6 knockout 
mice. 34th Annual Autumn Immunology Conference. Chicago, IL, USA 

15. Karavitis, J., Gomez, C.R., Ramirez, L., Cutro, B.T., Faunce, D.E., Kovacs, E.J. 2005. Ovariectomy ablates 
the gender differences seen after ethanol plus burn injury in mice. 34th Annual Autumn Immunology 
Conference. Chicago, IL, USA 

16. Nomellini. V., Ramirez, L., Cutro, B.T., Gomez, C.R. and Kovacs, E.J. 2005. Aberrant pulmonary 
pathology in aged mice may explain age-dependent differences in mortality after injury. 34th Annual 
Autumn Immunology Conference. Chicago, IL, USA 

17. Karavitis, J., Gomez, C.R., Ramirez, L., Cutro, B.T., Faunce, D.E. and Kovacs, E.J. 2005. Does estrogen 
mediate the gender differences in immunity after ethanol exposure and burn injury? Alcohol and 



 

 39

Immunology Research Interest Group (AIRIG) Meeting. Loyola University Medical Center. Maywood, 
IL 

18. Kovacs, E.J., Plackett, T.P., Ramirez, L. and Gomez, C.R. 2005. Aging, traumatic injury, and immunity: 
improvement following estrogen treatment. Annual Meeting of Austrian Society for Allergiology and 
Immunology, Gratz, Austria 

19. Kovacs, E.J., Plackett, T.P., Ramirez, L. and Gomez. C.R. 2006. Aging and the inflammatory response 
after traumatic injury. 29th Annual Conference on Shock. Broomfield, CO, USA 

20. Nomellini, V., Ramirez, L., Cutro, B.T., Faunce, D.E., Gomez, C.R. and Kovacs E.J. 2006. Aging affects 
acute lung injury after burn. 29th Annual Conference on Shock. Broomfield, CO, USA 

21. Karavitis, J., Gomez, C.R., Faunce, D.E. and Kovacs E.J. 2006. Gonadal hormones mediate gender 
differences in immune function after ethanol plus burn injury. 29th Annual Conference on Shock. 
Broomfield, CO, USA 

22. Murdoch, E.L., Greiffenstein, P., Gomez, C.R., Nomellini, V., Ramirez, L., Morgan, M.O. and Kovacs, 
E.J. 2006. Short-term pulmonary consequences after ethanol exposure and burn injury. 29th Annual 
Conference on Shock. Broomfield, CO, USA. 

23. Kovacs, E.J., Gomez, C.R., Meehan, M.J., and Boehmer, E.D. 2006. Aging causes defects in macrophage 
signaling that are limited to TLR-mediated pathways. Joint Meeting of the International Cytokine 
Society and the International Society for Interferon and Cytokine Research, Vienna, Austria 

24. Kovacs, E.J.  Plackett, T.P., Boehmer, E.D., Nomellini, V., and Gomez, C.R. 2006. Aging, estrogen, and 
TLR-mediated macrophage activation after injury, Symposium on Ageing Research in Immunology: the 
Impact of Genomics. Paris, France 

25. Gomez, C.R., Baila, H., Morgan, M.O., Oshima, K.,Nomellini, V., and Kovacs E.J. 2006. Elevated hepatic 
inflammatory response in aged mice given LPS. Joint Society for Leukocyte Biology - International 
Endotoxin and Innate Immunity Society. San Antonio, TX, USA 

26. Nomellini, V., Faunce, D.E., Gomez, C.R., and Kovacs E.J. 2006. Increased pulmonary inflammation in 
aged mice subjected to burn injury. Joint Society for Leukocyte Biology - International Endotoxin and 
Innate Immunity Society. San Antonio, TX, USA 

27. Kovacs, E.J., Plackett, T.P., Nomellini, V., Boehmer, E.D., and Gomez, C.R. 2006. Advanced age alters 
innate immune response after injury. Joint Society for Leukocyte Biology - International Endotoxin and 
Innate Immunity Society. San Antonio, TX, USA 

28. Nomellini, V., Faunce, D.E., Gomez, C.R., and Kovacs E.J. 2006. Pulmonary chemokine levels after burn 
injury in aged mice. 35th Annual Autumn Immunology Conference. Chicago, IL, USA 

29. Gomez, C.R., Nomellini, V., Baila, H., Oshima, K., Karavitis, J., Ramirez. L., Morgan, M.O., and Kovacs 
E.J. 2007. Reduced hepatic inflammatory response in aged interleukin-6 knockout mice given 
lipopolysaccharide. 30th Annual Conference on Shock. Baltimore, MA, USA 

30. Nomellini, V., Gomez, C.R., and Kovacs E.J. 2007. Pulmonary neutrophil accumulation after burn injury is 
exacerbated with age. 30th Annual Conference on Shock. Baltimore, MA, USA 

31. Bustos, F., Fernández, C., Duhalde, A., Gomez, C.R. and Salinas, D.G. 2007. Motivational profile of the 
students that enter and remain in a Medical School, University Diego Portales: A retrospective study. 
International IV Convention of Medical Education. Medical School, Catholic University. Santiago, 
Chile 

32. Gomez, C.R., Karavitis, J., Ramirez, L., Nomellini, V., and Kovacs E.J. 2007. Interleukin-6 contributes to 
age-related alteration of cytokine production in macrophages. 40th Annual Meeting of the Society for 
Leukocyte Biology. Cambridge, MA, USA 

33. Nomellini, V., Gomez, C.R., and Kovacs E.J. 2007. Decreased tight junction formation in lungs of aged 
mice following injury. 40th Annual Meeting of the Society for Leukocyte Biology. Cambridge, MA, 
USA 



 

 40

34. Karavitis, J., Gomez, C.R., and Kovacs E.J. 2007. Fc -receptor mediated phagocytosis is attenuated after 
acute in vivo or in vitro ethanol exposure. 40th Annual Meeting of the Society for Leukocyte Biology. 
Cambridge, MA, USA 

35. Nomellini, V., Gomez, C.R., and Kovacs, E.J. 2008. Increased pulmonary inflammation in aged mice after 
burn correlates with increased neutrophil chemokines. Annual meeting of the American Burn 
Association, Chicago, IL 

36. Kovacs, E.J., Faunce, D.E., Gomez, C.R., and Nomellini, V. 2008. Advanced age is associated with 
increased pulmonary inflammation after burn injury and can be abrogated by treatment with anti-
CXCR2 inhibition. Fifth International Conference on Innate Immunity, Aegean Conferences, Chania, 
Crete, Greece 

37. Kovacs, E.J., Gomez C.R., and Nomellini, V. 2008. Aging and injury: aberrant inflammatory responses and 
therapeutic interventions. US-Japan Cooperative Medical Sciences Program. Immunosenescence 
Workshop, San Francisco, CA 

38. Nomellini, V., Gomez, C.R., and Kovacs, E.J. 2008. Aberrant neutrophil sequestration in the lungs of aged 
mice after burn injury is paralleled by a decrease in the neutrophil chemokine receptor, CXCR2. 41th 
Annual Meeting of the Society for Leukocyte Biology. Denver, CO 

39. Gomez, C.R., Knutson, G., G.J., Vuk-Pavlović, S. 2008. Oxygen–tension Dependent Proteome Modulation 
in Human Cancer Cells. Symposium: Hypoxia, Ischemia, and Inflammation: Essential Connections. 
Boston, MA 

40. Gomez, C.R., Kosari, F., Schreiber, C.A., Knutson G.J., Vasmatzis, G.,Vuk-Pavlović S. 2010. Hypoxic 
exposure as a novel strategy to identify tumor-associated antigens in prostate cancer. Tumor 
Immunology: Basic and Clinical Advances. Miami Beach, FL 

41. Gomez, C.R., Knutson G.J., Schreiber, C.A., Kosari, F., Vasmatzis, G.,Vuk-Pavlović S. 2011. Hypoxia 
affects gene expression and proteome of prostate cancer cells. 102th AACR Annual Meeting. Orlando, 
FL 

42. Gomez, C.R., Knutson G.J., Schreiber, C.A., Vuk-Pavlović S. 2011. Age–dependent mobilization of 
mesenchymal stromal cells by hyperbaric oxygen. 17th International Society for Cellular Therapy 
Meeting. Rotterdam, The Netherlands 

43. Gomez, C.R., Kosari, F., Schreiber, C.A., Knutson G.J., Vasmatzis, G., Vuk-Pavlović S. 2011. Hypoxic 
cell culture for more effective cancer vaccines. International Society for Applied Biological Sciences 
Conference on Forensic Genetics (ISABS). Bluesun hotel ELAPHUSA, Bol, Island Brač, Croatia 

44. Gomez, C.R., Munz, J.M., Kosari, F., Karnes R.J., Cheville, J., Ida, C.M., Sebo, T.J., Nair, A.A., Tang, H., 
Vasmatzis, G., Vuk-Pavlović S. 2011. Prognostic value of hypoxia-controlled genes in high-risk 
prostate cancer. Eighteen Annual Prostate Cancer Foundation Scientific Retreat. Incline Village, Lake 
Tahoe, NV 

45. Gomez, C.R., Schreiber, C.A., Knutson G.J., Charlesworth, M.C., Vuk-Pavlović S. 2011. Targeting 
hypoxia for more effective immunotherapy of prostate cancer. Molecular Targets and Cancer 
Therapeutics AACR-NCI-EORTC International Conference. San Francisco, CA 

46. Gomez, C.R., Kosari, F., Munz, J.M., Schreiber, C., Knutson, G., Charlesworth, C., Karnes, R. J., Cheville, 
J., Vasmatzis, G., Vuk-Pavlovic, S. 2012. Prognostic value of hypoxia-associated genes in prostate 
cancer. Advances in Prostate Cancer Research. Orlando, FL 

47. Gomez, C.R., Munz, J.M., Kosari, F., Karnes R.J., Cheville, J., Ida, C.M., Sebo, T.J., 
  Vasmatzis, G., Vuk-Pavlović S. 2012. Targeting hypoxia for the identification of 
   novel biomarkers for prostate cancer. 103th AACR Annual Meeting. Chicago, IL



 

 41

Invited Lectures, Seminars, and Presentations 
"cDNA Microarrays Analysis Shows Differential Expression of a Subset of Genes, During the Hepatic Acute 

Phase Response in Aged Fisher 344 Rats". XLIII Annual Meeting of the Biology Society of Chile. Pucón, 
Chile, November 2000 

"Hepatic Response to Inflammation during Aging". International Symposium Molecular and cellular basis of 
Aging. ICBM, Faculty of Medicine, University of Chile. Santiago, Chile, June 2001 

"Technologies of information and communication in a course for integrated teaching of biology". V workshop 
of Education in Health Sciences. Faculty of Medicine, University of Chile. Santiago, Chile, May 2004 

"Inflammatory responses during Aging: The Good, the Bad and the Ugly", Burn and Shock Trauma Institute, 
Loyola University Medical Center. Maywood, IL, October 2005 

"Inflammatory responses during Aging: From the bench to the bedside", Veteran Affairs Center of Physical 
Rehabilitation. La Florida, Chile, November 2005 

"Inflammatory responses during Aging", Veteran Affairs Medical Center, Las Condes, Chile. November 2005 
"Advanced age exacerbates the pulmonary inflammatory response after lipopolysaccharide exposure", Twenty-

Ninth Annual Conference on Shock. Broomfield, CO, USA, June 2006 
"Inflammatory responses and Aging", Faculty of Health Sciences, Diego Portales Santiago, Chile. November 2007 
"Inflammatory responses and Aging", Faculty of Health Sciences, Burn and Shock Trauma Institute, Loyola University 

Medical Center. Maywood, IL, March 2008 
“Translational studies of hyperbaric oxygen effects at Mayo”, Division of Preventive, Occupational, And Aerospace 

Medicine Monthly Research Seminars, Mayo Clinic, Rochester, MN. March 2010 
“Effect of aging on hyperbaric oxygen-mediated mobilization of mesenchymal stem cell and progenitors (MSCs)”, 

Division of Preventive, Occupational, And Aerospace Medicine Monthly Research Seminars, Mayo Clinic, 
Rochester, MN. January 2011 

“Enhancing Cancer Immunotherapy and Immunity by pO2 Control”, University of Mississippi Cancer Center, MS. 
January 2011 

“Oxygen manipulation: A Tool to Improve Prostate Cancer Immunotherapy”, Prostate Cancer Research Seminars, Mayo
Clinic, Rochester, MN. July 2011 

“Hypoxia–Controlled Genes as Novel Biomarkers and Therapeutic Targets in High-Risk Prostate Cancer”, Urology 
Department Grand Rounds, University of Mississippi Cancer Center, MS. December, 2011 



 

 42

References 
 
Felipe Sierra Ph.D. 
Director, Biology of Aging Program 
National Institute of Aging 
Gateway Building  
Room 2C231 
Bethesda, MD 20982 
Office: 1-301-496 6402 
Email: sierraf@nia.nih.gov 
 
Norbel Galanti Ph.D. 
Director, Institute of Biomedical Sciences,  
Faculty of Medicine, University of Chile,  
Casilla 70061, Correo 7, Santiago, Chile 
Office: 56-2-678 6475 
Email: ngalanti@med.uchile.cl 
 
Pamela L. Witte Ph.D. 
Director, Immunology and Aging Program 
Professor, Department of Cell Biology, Neurobiology and Anatomy 
Joint Professor, Department of Microbiology and Immunology 
Loyola University Chicago 
Stritch School of Medicine 
Building 102, Room 5680 
2160 South First Avenue 
Maywood, IL 60153 
Office: 708-326-6358 
Fax: 708-326-3913 
Email: pwitte@lumc.edu 
 
Elizabeth J. Kovacs Ph.D. 
Associate Director, Burn & Shock Trauma Institute 
Vice Chair for Research, Department of Surgery 
Professor, Departments of Surgery and Cell Biology, Neurobiology & Anatomy 
Member, Immunology & Aging Program 
Director, Alcohol Research Program 
Loyola University Chicago 
Stritch School of Medicine 
Building 110, Room 4237 
2160 South First Avenue 
Maywood, IL 60153  
Office: 708-327-2477 
Fax: 708-327-2813 
Lab: 708-327-2438 
Email: ekovacs@lumc.edu 
 
 



 

 43

Luisa A. DiPietro D.D.S., Ph.D. 
Professor of Periodontics 
Director, Center for Wound Healing and Tissue Regeneration 
College of Dentistry 
University of Illinois at Chicago 
801 S. Paulina 
Chicago, IL 60612-7211 
Office: 312-355-0432 
fax: 312-996-0943 
E-mail: Ldipiet@uic.edu 
 
Stanimir Vuk-Pavlovic Ph.D. 
Professor of Biochemistry and Molecular Biology 
College of Medicine, Mayo Clinic 
Director, Stem Cell Laboratory 
Mayo Clinic Cancer Center 
Mayo Clinic 
Rochester, MN 55905 
Office: 507-284-2814 
E-mail: vuk_pavlovic@mayo.edu 



 

 44



 

 45



 

 46



 

 47



 

 48



 

 49



 

 50



 

 51



 

 52



 

 53



 

 54



 

 55



 

 56



 

 57



 

 58



 

 59



 

 60



 

 61



 

 62



 

 63



 

 64



 

 65



 

 66



 

 67



 

 68

 




